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Drosophila X virus represents the entomobirnavirus genus of the Family Birnaviridae. Segment A of this bisegmented
dsRNA containing virus was cloned and sequenced. The 3360-bp-long nucleotide sequence revealed the presence of two
open reading frames (ORFs). A large ORF of 3096 nucleotides, which is flanked by a 107-bp 5* and a 157-bp 3*-untranslated
region, and a 711-nucleotide-long small ORF located within the carboxy half of the large ORF but in a different reading
frame. The large ORF encodes a 114-kDa polyprotein which is cotranslationally processed by the virus-coded protease VP4
to generate preVP2, VP3, and VP4 (VP1 is encoded by genome segment B). N-terminal amino acid sequencing of VP3 and
VP4 established the order NH2-preVP2-VP4-VP3-COOH within the polyprotein. The small ORF straddles the VP4/VP3 junction
and is capable of encoding a basic, arginine-rich 27-kDa polypeptide which so far has not been detected in infected cells.
The amino acid sequences specified by the two ORFs were compared to those of infectious pancreatic necrosis virus
(IPNV) and infectious bursal disease virus (IBDV) that represent the two other genera (aquabirnavirus and avibirnavirus) of
the Birnaviridae family. Significant sequence homology among the three viruses was found to be restricted to the amino
and carboxy regions of preVP2 and to a small 21-residue-long domain near the carboxy terminal region of VP3. Significant
sequence homology is exhibited by the small ORFs of the three viruses. q 1996 Academic Press, Inc.
INTRODUCTION recently been detected in infected cells (Magyar and
Dobos, 1994). The product of genome segment B (2784
Drosophila X virus (DXV), named after the host insect
bp), a minor internal capsid polypeptide VP1 (94 kDa), is
from which it was first isolated (Teninges et al., 1979;
the putative virion-associated RNA polymerase (RdRp)
Teninges, 1979), is a member of the Family Birnaviridae.
(Duncan et al., 1991). The active site of the protease,The family consists of three genera (i) Genus Aquabirna-
which only functions in cis, has been mapped to thevirus, represented by the type species infectious pancre-
carboxy end of the NS (Duncan et al., 1987; Manning etatic necrosis virus (IPNV); (ii) Genus Avibirnavirus, type
al., 1990). Although fine structure mapping of genomespecies infectious bursal disease virus (IBDV); and (iii)
segment A narrowed down the region where the prote-Genus Entomobirnavirus, type species Drosophila X vi-
ase cleaves the polyprotein, the exact cleavage sitesrus (Dobos et al., 1995). Birnaviruses are medium sized
either at the pVP2/protease or at the protease/VP3 junc-(60 nm), unenveloped viruses with an icosahedral nu-
tion have not been determined (Duncan et al., 1987). Thecleocapsid that contains a bisegmented dsRNA genome.
molecular biology of IPNV has been reviewed recentlyBoth genome segments of IPNV and IBDV have been
(Dobos, 1995).cloned and sequenced (Duncan and Dobos, 1986; Ha-
The genome organization of IBDV is similar to that ofvarstein et al., 1990; Duncan et al., 1991; Chung et al.,
IPNV except that the virus coded protease is designated1994; Hudson et al., 1986; Morgan et al., 1988; Spies et
as VP4 since it is present in the virion in quantities stain-al., 1989; Kibenge et al., 1990; Kibenge et al., 1991; Mundt
able by Coomassie blue (Dobos et al., 1979). Althoughand Muller, 1995).
the DXV genome has not been sequenced, previous dataGenome segment A (3097 bp) of IPNV (Jasper) con-
indicated that the organization and the overall strategytains two overlapping reading frames (ORFs). A large
of the virus genome is similar to those of IPNV and IBDVORF encodes a 106-kDa polyprotein (NH2-pVP2-NS pro-
(Dobos et al., 1979). Genome segment B of DXV encodestease-VP3-COOH) which is cotranslationally cleaved by
a 110-kDa VP1 (the putative RdRp) which, as in the casethe viral protease to generate the outer capsid polypep-
of IPNV and IBDV, is present in the virion both as a freetide VP2 and the internal polypeptide VP3 (Duncan et al.,
polypeptide and as a genome-linked protein (Revet and1987). The second small ORF, which overlaps the amino
Delain, 1982; Nagy and Dobos, 1984a; Nagy and Dobos,end of the large ORF but in a different reading frame,
1984b). Genome segment A encodes a putative polypro-encodes a 17-kDa arginine-rich polypeptide that has only
tein. The virus capsid consists of five polypeptides: VP1
(110 kDa), pVP2 (49 kDa), VP2 (45 kDa), VP3 (34 kDa), and1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (519) 837-1802. E-mail: pdobos@micro.uoguelph.ca. VP4 (27 kDa) (Nagy and Dobos, 1984a). Pulse labeling
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FIG. 1. Molecular cloning and sequencing strategy of genome segment A of DXV. The overlapping cDNA clones pBRX14, pBRX10, and pBRX16 were
generated using random primers. After restriction endonuclease mapping the BamHI and PvuII sites were used to construct the pTZF.1 clone. The 5*
RT-PCR and 3* RT-PCR cDNAs were generated by PCR using sequence-specific primers corresponding to the opposite ends of the pTZF.1 insert and
the anchor-primer provided with the 5* RACE kit (see Materials and Methods). The ends of the viral cDNAs were sequenced using the forward and
reverse primers of pTZ18R or pBluescript KS(/). Internal sequences were obtained using sequence-specific primers as sequence data became available.
The arrows indicate the extent and direction of nucleotide sequences obtained with individual primers. The horizontal line marked with 1 on the left and
3360 bp on the right represents the complete segment A-specific cDNA. Restriction endonuclease sites: B, BamHI; E, EcoRI; K, KpnI; Pv, PvuII; S, SalI.
infected Drosophila tissue culture cells with [35S]- dsRNA using random primers as described by Guebler
and Hoffman (1983). The cDNA was dCTP tailed andmethionine revealed in addition to these, a 67-kDa poly-
peptide (preVP2) which was shown by peptide mapping inserted into PstI cut, -dGTP tailed-, pBR322 and trans-
formed into competent Escherichia coli strains HB101 orto be the precursor of pVP2 and VP2 (Nagy and Dobos,
1984a). In vitro pulse–chase experiments using dena- DH5a according to Maniatis et al. (1982). Recombinant
plasmids were screened for A segment-specific insertstured genome segment A showed that the order of poly-
peptides within the putative 128-kDa polyprotein was in Northern blots and a number of positive recombinants
were analyzed by restriction endonuclease mapping asNH2 –67 kDa–27 kDa–34 kDa–COOH (Nagy and Dobos,
1984b). described by Cameron (1991). Three overlapping clones
(pBRX14, pBRX10, and pBRX16) were used to constructIn this study, we report the nucleotide and deduced
amino acid sequence of genome segment A of DXV. the recombinant plasmid pTZF.1 (Fig. 1), which contained
a 2.5-kb DXV segment A cDNA, inserted into the PstI siteSequence analysis revealed the presence of a polypro-
tein ORF which encodes a 114-kDa polyprotein. The or- of plasmid pTZ18R.
der of virus-specific polypeptides within the polyprotein
Amplification of 5* and 3* endsmentioned above has been confirmed and the cleavage
sites on either sides of the 27-kDa protease have been The 5*-RACE kit (Gibco-BRL) was used to amplify the
determined. Similar to IPNV and IBDV, a second, small, 5* and 3* ends according to the method of Frohman et
arginine-rich ORF in a different reading frame has also al. (1988), with minor modifications. Briefly, 4 mg of geno-
been found in DXV, but the size and location of this ORF mic RNA was denatured as described by Azad et al.
is different from those of the other two birnaviruses. (1985), and the following mixture was added: 2.5 ml of
10X synthesis buffer (200 mM Tris–HCl, pH 8.4, 500 mM
MATERIALS AND METHODS KCl), 3 ml of 25 mM MgCl2 , 1 ml of 10 mM dNTPs, 2.5 ml
of 0.1 M DTT, 200 units of Superscript reverse tran-Cells and virus
scriptase, and 10 pmol of virus-specific primers. The
The growth of DXV in Drosophila cell cultures, radiola- preparation was incubated at 427 for 2 hr followed by
beling, virus purification, RNA extraction, and agarose incubation at 707 for 15 min to inactivate the reverse
gel electrophoresis of viral dsRNA as well as polyacryl- transcriptase. The RNA was digested by RNase H at 557
amide gel electrophoresis (PAGE) of virus-specific poly- for 10 min and the cDNA purified from primer and dNTPs
peptides have been described (Nagy and Dobos, 1984a). by chromatography on Glass MAX columns (Gibco-BRL).
The bound DNA was eluted from the column with 100 ml
cDNA synthesis and molecular cloning
of sterile distilled water which was subsequently evapo-
rated under vacuum and the dry DNA was resuspendedThe cloning strategy is shown in Fig. 1. Viral cDNA
was synthesized by reverse transcribing denatured in 16.5 ml of H2O. For tailing, 5 ml of 5X synthesis buffer,
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2.5 ml of 2 mM dCTP and 1 ml (10 units/ml) of terminal 27-kDa primary gene products would indicate a putative
precursor polyprotein of 128 kDa.deoxynucleotidyl transferase were added and the prepa-
ration was incubated at 377 for 30 min (in the case of 3*
end, incubation was at 47 for 5 hr to prevent the formation The nucleotide sequence of genome segment A
of secondary structures). A 5-ml aliquot of tailed cDNA
was used for PCR amplification using a virus-specific The nucleotide sequence of genome segment A of DXV
primer and the poly(G)-anchor primer provided with the was determined using the molecular cloning and sequenc-
kit. The conditions for 35 cycles were as follows: denatur- ing strategy outlined in Fig. 1. It was found to be 3360 bp
ation 947 for 1 min, annealing at 607 for 1 min, and exten- long as determined by sequencing in both directions (Fig.
sion at 727 for 3 min. 3). The exact 5* and 3* nucleotides could not be ascertained
since the cloning of the ends involved poly(C) tailing, thus
Cloning of PCR fragments and sequencing the 5* end may start with one or more Gs and the 3* may
end with one or more Cs. These uncertainties involving the
PCR fragments were electroeluted after electrophore- extreme ends are not included in Fig. 3. Inverted terminal
sis in 1% agarose gels and blunt-end ligated into SmaI- repeats were found 60 nucleotides from the 5* end (from
digested pBluescript KS(/) vector (Stratagene). Recom- nt 61 to nt 78) and 73 nucleotides from the 3* end (nt 3259
binant plasmid DNA was transformed into competent E. to nt 3287) (see arrows in Fig. 3). Both strands were
coli XL1-Blue and plasmid DNA isolated from trans- scanned in all three reading frames for ORFs that could
formants was analyzed by agarose gel electrophoresis encode polypeptides larger than 6 kDa. Two overlapping
for size and orientation using the following restriction ORFs (in different reading frames) were found on the plus
endonucleases: RsaI, PstI, EcoRI, and BamHI. The DNA strand. (i) A large ORF of 3096 nucleotides flanked by a
inserts were sequenced using the dideoxy chain termina- 107 nucleotide 5*-untranslated region and a 157-nucleo-
tion method (Sanger et al., 1977) and the automated se- tide-long 3*-untranslated region. This ORF is capable of
quencing facility (GenAlyTiC) at the University of Guelph. encoding a 114,028-kDa polypeptide (1032 amino acids)
Sequencing of the inserts of the three recombinant plas- and thus was designated as the polyprotein ORF. (ii) A
mids [RT-PCR(0.5kb), pTZF.1, and RT-PCR(1.0kb)] began small ORF of 711 nucleotides in a different reading frame
using the forward and reverse primers of plasmid was also found. It starts at position 1922 and is capable
pTZ18R. Subsequent primers were designed as nucleo- of encoding a 27,059-kDa polypeptide (237 amino acids).
tide sequence data became available. The proposed initiation codons of both ORFs are preceded
N-terminal amino acid sequencing of DXV-specific by two identical sequence motifs of 5* AAATTTTTTAA 3*
polypeptides [(VP2, VP3, and VP4) blotted onto PDVF and 5* TACAT 3* located 34 and 13 nucleotides, respec-
membranes after PAGE] were done at the Protein Micro-
chemistry Centre of University of Victoria (Victoria B.C.
Canada). Primer design as well as nucleotide and amino
acid sequence data were analyzed using the PC-Gene
program. For comparative purposes, the sequences of
IPNV (Jasper) and IBDV (Cu-1) were used (Duncan and
Dobos, 1986; Spies et al., 1989).
RESULTS
Virus-specific polypeptides
The distribution of capsid polypeptides and virus-specific
polypeptides in infected cells is summarized in Fig. 2. Of
the five polypeptides seen in pulse-labeled cells (lane 2),
one, the 67-kDa polypeptide, disappears during the chase
(lane 3) with the concomitant appearance of a 45-kDa poly-
peptide which is the major component of the virus capsid.
Previous work involving pulse–chase experiments and
peptide mapping showed that posttranslational cleavage FIG. 2. Autoradiography of [35S]methionine-labeled DXV-specific
of the 67-kDa polypeptide gives rise to the 49-kDa protein, polypeptides separated by PAGE. Lane 1, uninfected cells 1 hr pulse;
lane 2, infected cells pulse labeled for 1 hr at 14 hr postinfection; lanewhich subsequently undergoes a slow maturation-associ-
3, infected cells pulse labeled for 1 hr at 14 hr postinfection followedated cleavage to generate the 45-kDa final product (Nagy
by a 10-hr ‘‘chase’’ using medium that contained an excess of unlabeledand Dobos, 1984a). As shown in lane 4 the cleavage of the
methionine; lane 4, labeled, purified virus. Molecular size markers are
49-kDa polypeptide is incomplete since both the 49-kDa indicated on the left and the sizes of virus-specific polypeptides in kDa
precursor and the 45-kDa product can be found in the indicated on the right. 110 kDa (VP1), 67 kDa (preVP2), 49 kDa (pVP2),
45 kDa (VP2), 34 kDa (VP3), and 27 kDa (VP4).virion. The combined molecular weights of the 67-, 34-, and
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FIG. 3. Nucleotide and amino acid sequence of the plus strand cDNA of DXV genome segment A. The numbers on the left indicate the nucleotide
and amino acid numbers, respectively. The horizontal arrows indicate the position, direction, and extent of inverted repeat sequences near the two
ends of genome segment A. The large (polyprotein) ORF extends from nucleotide (nt) 108 to nt 3203 and the small ORF from nt 1922 to nt 2632
(01 reading frame). The initiation codons for both ORF are in bold and the stop codons are indicated by asterisks. The two conserved sequence
motifs located upstream of the two ORFs are boxed. Underlined amino acids indicate peptide sequences obtained by direct amino acid sequencing
of parts of VP3 and VP4. Vertical arrows indicate the predicted polyprotein cleavage sites between serine and alanine residues. GeneBank Accession
No. is BankIt53415 U60650.
tively, upstream of the start codons (see boxed-in sequence putative polyprotein by N-terminal amino acid sequenc-
ing of the proposed cleavage products. Amino terminalin Fig. 3).
microsequencing of VP2, VP3, and VP4 was only partially
successful. The N-terminal sequence of the 27-kDa VP4Analysis of the two ORFs
was unambiguously determined to be A D S P L which is
Attempts were made to map the virus-specific poly- located between residues 501 and 505 in the polyprotein.
peptides within the polyprotein ORF and at the same Thus cleavage occurs between the serine–alanine di-
peptide at residues 500 and 501 (see arrow, Fig. 3).time determine the proteolytic cleavage sites within the
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FIG. 3—Continued
Since the amino ends of both VP2 and VP3 were ing a mixture of CNBr-generated fragments indicated that
the decapeptide N T N P F L E E L D between residuesblocked, these polypeptides were cleaved at methionine
residues by treatment with cyanogen bromide, and the 730 and 740 (Fig. 3) was part of VP3, thus this polypeptide
was mapped to the carboxy end of the polyprotein. Amixture of peptides was sequenced to yield amino acid
sequences from internal methionine residues. Sequenc- serine–alanine dipeptide (at position 723–724) is lo-
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TABLE 1 tured genome segment A of DXV (Nagy and Dobos,
1984b). Since the preVP2-VP4 cleavage site is known theComparison of the Deduced Amino Acid Sequences Encoded
sequence from the 5* end of the polyprotein ORF to thisby Genome Segment A of Three Birnavirusesa
cleavage site defines preVP2 yielding a sequence-de-
Percent sequence identity and (similarity)b rived size of 54.5 kDa, substantially less than the 67 kDa
determined by PAGE. The amino acid composition of
Between birnavirus pairs
preVP2 gives no indication as to why it migrates slower
than expected during PAGE. The small ORF of DXV (01DXV vs DSV vs IPNV vs
All three viruses IPNV IBDV IBDV reading frame) has the coding capacity for a 27-kDa poly-
peptide which is very basic (calculated pI  11) since it
Polyprotein ORF 14 (22) 26 (41)c 28 (43) 36 (51) contains 28 arginine residues. This polypeptide so far
pVP2 20 (53) 34 (51) 36 (54) 43 (59)
has not been detected in virions or in infected cells.VP3 6 (37) 18 (31) 20 (34) 33 (44)
VP4/NS 1 (21) 18 (32) 16 (32) 16 (26)
Comparison of amino acid sequences encoded by theSmall ORFd 2 (23) 14 (34) 13 (29) 23 (35)
two ORFs in genome segment A of three birnaviruses
a DXV; IPNV (Jasper); IBDV (Cu-1). belonging to different genera
b Similarity values in parenthesis represent the combined values of
The deduced amino acid sequence of the large ORFamino acid identity and similarity. Similar amino acids as noted in Fig.
5 legend. of DXV was compared to those of IPNV-Jasper and IBDV
c Decimals were rounded up or down to the nearest whole number. Cu-1 as shown in Fig. 5 and summarized in Table 1.
d 44% of residues shared by 2 of the 3 sequences (highlighted in While the overall sequence identity ranges from 26 to
bold in Fig. 6).
36% depending on the two viruses to be compared, there
is a considerably higher amino acid sequence identity
in the preVP2 coding regions, ranging from 34 to 43%.cated seven residues upstream of this sequence and is
proposed to be the second polyprotein cleavage site that The data in Fig. 5 shows that the distribution of sequence
identity is restricted to an amino terminal 180 amino acidcuts the VP4/VP3 junction. These cleavages would gen-
erate a 24.4-kDa VP4 and a 35-kDa VP3 which agree domain (40% identity) and a 180 amino acid domain near
the carboxy end of preVP2 demonstrating a sequencewell with the values of 27 kDa and 34 kDa, respectively,
obtained by PAGE (Fig. 2). homology of 25%. In contrast, the sequence between
these two regions in the middle of the preVP2 has anThe results obtained from sequencing the CNBr frag-
ments of VP2 were inconclusive, however, by elimination overall identity of only 5%. Similarly, the sequence identity
in the VP3 coding region ranges from 18 to 33% betweenthe 67-kDa polypeptide (or pre VP2) was mapped to the
amino end of the polyprotein. Thus the order of NH2- virus pairs with a 33% identity among the three viruses
near the carboxy end between residues 953 and 974.preVP2-VP4-VP3-COOH was established confirming pre-
vious results obtained by in vitro translation of the dena- Interestingly, the region coding for the viral protease (NS/
FIG. 4. Schematic representation of the gene arrangement of genome segment A of DXV, IPNV (Jasper), and IBDV (Cu-1). The polyprotein ORF
encompasses most of the genome segment in all three cases and contains the 5* pVP2-VP4/NS-VP3 3* coding regions. The autocatalytic protease
VP4 in DXV and IBDV is designated as NS in IPNV, because in this virus, it is not present in the virion in sufficient quantity to be stained by
Coomassie blue. The proposed cleavage sites on either side of the protease is indicated by vertical lines or as in the case of IPNV by cross-
hatched areas between pVP2 and NS and NS and VP3. The location and the size (in coding capacity) of the small ORFs are indicated below the
polyprotein ORFs. Numbers at the 5* and 3* ends indicate the first and the last nucleotide number for each virus. Numbers above and below the
ORFs refer to nucleotide numbers and those in parentheses to amino acid numbers.
AID VY 8237 / 6a23$$$102 10-17-96 00:00:23 viral AP: Virology
365DXV GENOME SEGMENT A SEQUENCE
FIG. 5. Amino acid sequence comparisons of birnavirus polyproteins. The predicted amino acid sequences of DXV, IBDV (Cu-1), and IPNV (Jasper)
polyproteins were aligned using the algorithm of Myers and Miller (1988) and insertions (0) were introduced to optimize alignment. The amino
acids are numbered on the right. Residues conserved in all three proteins are indicated (*) and (.) represent functionally similar amino acids.
Functional similarity was assigned using the following groups: (A, S, T), (D, E), (N, Q), (R, K), (I, L, M, V), and (F, Y, W). Sequences representing the
different coding regions are indicated on the right. The approximate borders of the three viral polypeptides pVP2, NS/VP4, and VP3 are indicated
by the open arrows. The dipeptides with the proposed endoproteolytic cleavage sites are shown in bold letters and underlined. Alternative Y-L
dipeptide cleavage sites in the IBDV sequence are underlined.
VP4) which has identical function in all three viruses (i.e., DISCUSSION
polyprotein processing) shows little identity (16–18%).
The genetic organization of genome segment A of DXVSignificant sequence homologies are seen in the small
is similar to those of other birnaviruses (IPNV and IBDV)ORFs (44%) if residues shared by any two of the three
sequences are considered (Table 1). belonging to different genera. A notable exception is the
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FIG. 6. Comparison of amino acid sequences encoded by the small ORFs of DXV, IPNV and IBDV. (Symbols are as in Fig. 5.) Bold letters indicate
residues shared by two of three sequences.
size and location of the DXV small ORF which does not stretch of 12 amino acids at the NS/VP3 junction. Both
of these regions contain a Y-L dipeptide (see Figs. 4 andoverlap the 5* end of the polyprotein ORF as in the case
of IPNV and IBDV, but straddles the VP4/VP3 junction. 5), thus they were proposed to represent the putative
cleavage sites (Duncan et al., 1987). The same dipeptideAs well, the putative product of this ORF would be 10-
kDa larger than those of the other two birnaviruses. A also brackets the VP4 region of IBDV, as well as two
dibasic peptides RR and KR (see Fig. 5), the proposedsimilar situation exists in the family Bunyaviridae where
the location and size of the NS ORF in the genomic cleavage sites in the IBDV polyprotein (Hudson et al.,
1986).S RNA varies with different genera (Schmaljohn et al.,
1995). There is very little known about the small (17 kDa) ORF
products of IPNV and IBDV since they are produced inThe initiation codon for the DXV polyprotein at position
108 is the second potential start codon in this reading small quantities and were only recently detected in virus-
infected cells (Magyar and Dobos, 1994; Mundt et al.,frame, the first one being two codons upstream at posi-
tion 102. We elected to choose the former since it is in 1995). They contain only two methionine residues and
are rich in arginine (18 and 14 residues, respectively).a more favorable context for initiation of translation (A at
position 03 and A at position /4) according to Kozak’s Although the sequence derived mass of the DXV small
ORF product is larger (27 kDa), it is also rich in argininescanning model (Kozak, 1986).
The N-terminal amino acid sequence of VP4 defines (28 residues), suggesting that they may be RNA binding
proteins. Ribosomal frame shifting does not seem to bethe cleavage site between preVP2 and VP4 located be-
tween an S-A dipeptide (residues 500 and 501) assuming responsible for the expression of the DXV small ORF
since the viral RNA lacks the characteristic features as-VP4 is not trimmed after cleavage by cellular amino pepti-
dase(s). Since the N-terminus of VP3 is blocked, the map- sociated with 01 frame shifting such as the seven nucle-
otide long ‘‘slippery sequence’’ at the putative frame shiftping of the cleavage site at the VP4/VP3 junction is less
certain. Sequencing VP3-specific peptides generated by site and the downstream pseudoknot (Brierley et al.,
1989; Dinman et al., 1991; Chamorro et al., 1992). It isCNBr cleavage mapped a decapeptide between residues
730 and 740 (see Figs. 3 and 5) so sequences down- possible that the protein encoded by the small ORF is
produced by the translation of a minor, subgenomicstream from this site represent VP3. We assumed that
the protease would cut at the nearest upstream S-A di- mRNA although such transcripts were not found in IPNV-
infected cells (Somogyi and Dobos, 1980). Similar studiespeptide at residues 723 –724 (there are no serine–ala-
nine pairs further upstream). Using fine structure map- have not been conducted with DXV-infected cultures,
hence the possible existence of subgenomic transcriptsping, the equivalent cleavage sites in IPNV were mapped
to a 13-residue region at the pVP2/NS junction and to a cannot be excluded.
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cation and Nomenclature of Viruses: Sixth Report of the InternationalThe amino acid sequence identity among the small
Committee on Taxonomy of Viruses’’ (R. I. B. Francki, C. M. Faquet,ORF products of the three birnaviruses are quite low;
D. L. Knudson, and F. Brown, Eds.), pp. 240–244. Springer-Verlag,
however, 44% of the residues are identical if any two of Wien/New York.
the three sequences are considered (Table 1 and Fig. 6), Dobos, P., Hill, B. J., Hallett, R., Kells, D. T. C., Becht, H., and Teninges,
indicating that the three sequences do share significant D. (1979). Biophysical and biochemical characterization of five animal
viruses with bisegmented dsRNA genomes. J. Virol. 32, 593–605.homology. Comparison of the hydropathy profiles of the
Duncan, R., and Dobos, P. (1986). The nucleotide sequence of infectiousthree putative small ORF products did not reveal any
pancreatic necrosis virus (IPNV), dsRNA segment A reveals one largestriking similarities.
open reading frame encoding a precursor polyprotein. Nucleic Acids
Surprisingly there is very little sequence identity even Res. 14, 5934.
between pairs of birnaviruses in the VP4/NS protease Duncan, R., Mason, C. L., Nagy, E., Leong, J. C., and Dobos, P. (1991).
Sequence analysis of infectious pancreatic necrosis virus genomecoding regions (Table 1 and Fig. 5). It is possible that
segment B and its encoded VP1 protein: a putative RNA-dependentthe dissimilarity between their amino acid sequences is
RNA polymerase lacking the Gly-Asp-Asp motif. Virology 191, 541–not reflected in a grossly altered secondary and tertiary
552.
structure such that the folded polypeptides function in a Duncan, R., Nagy, E., Krell, P. J., and Dobos, P. (1987). Synthesis of the
similar manner. The internal VP3 polypeptide is a basic infectious pancreatic necrosis virus polyprotein, detection of a virus-
encoded protease, and the fine structure mapping of the genomeprotein and significant sequence identity among the
segment A coding regions. J. Virol. 61(12), 3655–3664.three viruses is restricted to a 21-residue-long sequence
Frohman, M. A., Dush, M. K., and Martin, G. R. (1988). Rapid productionnear the carboxy ends (see Fig. 5).
of full length cDNAs from rare transcripts: Amplification using a sin-Of all the virus-specific polypeptides pVP2 exhibits the
gle gene-specific oligonucleotide primer. Proc. Natl. Acad. Sci. USA
highest level of amino acid conservation among the three 85, 8998–9002.
viruses (Table 1), which is restricted to the amino- and Guebler, U., and Hoffman, B. J. (1983). A simple and very efficient
method for generating cDNA libraries. Gene 25, 263–269.carboxy-end regions of pVP2 (Fig. 5). The central region
Havarstein, L. S., Kalland, K. H., Christie, K. E., and Endresen, C. (1990).between residues 177 and 320 represents the group-
Sequence of the large double-stranded RNA segment of the N1 strainand type-specific antigenic sites (Havarstein et al., 1990;
of infectious pancreatic necrosis virus: a comparison with other bir-
Bayliss et al., 1991; Liao and Dobos, 1995). naviridae. J. Gen. Virol. 71, 299–308.
Hudson, P. J., McKern, N. M., Power, B. E., and Azad, A. A. (1986). Geno-
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